Helicobacter pylori is a gram-negative spiral bacterium that colonizes the human stomach. Infection with H. pylori is associated with chronic gastritis, peptic ulcer, gastric adenocarcinoma, and gastric mucosa-associated lymphoid tissue lymphoma (25) .
Although the pathogenesis of H. pylori infection is not completely understood, several putative virulence factors may contribute to mucosal damage (5, 26) . The cytotoxin-associated gene (cag) island, an approximately 40-kb cluster of genes in the H. pylori chromosome, probably was inherited by horizontal transfer from an unknown microorganism. Many of the cag genes have homology to those of other bacteria encoding virulence factors and a type IV secretion system. Therefore, they may play an important role in microbial virulence and pathogenicity (6, 10) . Among H. pylori isolates, the presence of insertion elements causes differences in the compositions of the cag island; the consequent cag instability may produce differences in pathogenicity and host adaptability within a bacterial strain. The cag island can be present as a single uninterrupted unit or can be divided into two segments (cagI and cagII) by an interposed insertion element (IS605); moreover, it can be partially or totally deleted (8, 24, 28, 33) . Although deletions of the cag island have been reported (17, 18, 28, 31) and cag instability has been shown for mice (34) , detailed analyses of the cag island in human isolates are still insufficient.
The aims of our study were to evaluate, for H. pylori colonies isolated from human gastric biopsy specimens, heterogeneity in cag genotypes by assessing the presence of some representative genes located in different segments of the cag island. From among several genes included in the cag island, we considered the following: the cagA gene (located in the right half of the cag island), encoding the highly immunodominant protein CagA, which affects host cell physiology after being delivered to gastric epithelial cells (3, 10, 29) ; the cagE (picB) gene (located upstream of cagA in the right half of the cag island), encoding a protein involved in the process of interleukin 8 expression in gastric epithelial cells (4, 8, 38) ; and the virB11 gene (located in the left half of the cag island), encoding, together with other genes, a type IV secretion system which allows the delivery of the CagA protein to gastric epithelial cells (20, 21) . To confirm the identification of the bacteria as H. pylori, PCR was also performed for glmM, a conserved gene formerly known as ureC (22, 23, 24) .
The serological response against the CagA protein is an important epidemiological tool for the study of H. pylori-associated diseases (35) . Therefore, we also assessed the relationship between the integrity of the cag island in H. pylori isolates and the serological presence of anti-CagA antibodies.
MATERIALS AND METHODS
Study population and endoscopy. Ten subjects infected with H. pylori strains with positive PCR results for cagA and 6 subjects infected with cagA-negative strains were selected from a population of dyspeptic patients who had undergone an upper gastrointestinal tract endoscopy in the gastroenterological unit of our institution.
None of the subjects had been previously treated with anti-H. pylori eradication therapy, proton pump inhibitors, or nonsteroidal anti-inflammatory drugs. For 6 of the 10 patients infected with cagA-positive strains and for 3 of the 6 patients harboring cagA-negative strains, multiple biopsy specimens for culturing and histological analyses were endoscopically taken from both the antrum and the corpus. The specimens were obtained by using sterilized biopsy forceps cleansed with a detergent, disinfected with 70% ethanol, and rinsed with sterile water after each examination. Different forceps were used for the antrum and the corpus. For the remaining seven patients, multiple biopsy specimens were obtained only from one gastric region (the antrum).
H. pylori culturing and identification. The biopsy specimens were cultured in Pylori Selective Medium (bio-Mèrieux, Rome, Italy). Cultures were incubated at 37°C in a microaerophilic environment (Campygen Oxoid, Ltd., Basingstoke, Hampshire, England) for 3 to 4 days. The cultured bacteria were identified as H. pylori based on gram-negative staining, curved or spiral shape, and positivity for catalase, oxidase, and urease production. Identification was further confirmed by PCR. Several sweeps of colonies (obtained by harvesting isolates with sweep in different points of the plate) and (only for patients infected with cagA-positive strains) 10 single colonies from the primary cultures for each biopsy specimen were subcultured on Columbia sheep blood agar (Kima, Padua, Italy). After bacterial growth, a suspension was obtained from each subculture and used for DNA extraction. Individual colony suspensions were considered representative of each H. pylori subtype, and sweep suspensions were considered representative of the whole H. pylori population.
Genomic DNA extraction. Bacteria from both the 10 single colonies and the sweeps were resuspended in 1.2 ml of 0.9% NaCl. Bacterial pellets were obtained by centrifugation at 5,233 ϫ g for 5 min, and genomic DNA was extracted by using a DNeasy tissue kit (Qiagen). The amount of DNA was calculated by spectrophotometry.
PCRs for glmM, cagA, virB11, and cagE. Primers for PCR amplifications were designed based on published sequences for glmM, cagA, virB11, and cagE in H. pylori strain 26695 (34) ( Table 1) .
Each PCR was performed with a volume of 50 l containing 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl 2 (Applied Biosystems, Monza, Italy), 200 M (each) deoxynucleotide (Pharmacia Biotech, Milan, Italy), 1.5 U of Taq DNA polymerase (Applied Biosystems), 0.5 M (each) primer, and 10 l of DNA at a suitable concentration. Each reaction mixture for glmM was amplified as follows: denaturation at 95°C for 3 min and then 35 cycles of denaturation at 94°C for 1 min, annealing at 52°C for 1 min, and extension at 72°C for 1 min. For cagA, cagE, and virB11, the incubation conditions were as follows: 3 min at 95°C and then 50 cycles of 94°C for 1 min, 48°C (cagA), 53°C (cagE), or 49°C (virB11) for 45 s, and 72°C for 45 s (34) . Cycle numbers were chosen on the basis of sensitivity tests performed on dilutions ranging from 10 Ϫ1 to 10 Ϫ7 ng of DNA extracted from five different colonies. We detected an amplification signal at up to 10 Ϫ5 ng of DNA for the four genes, making the sensitivity of the PCRs for cagA, cagE, and virB11 comparable to the sensitivity of the glmM PCR with the same standardized amount of DNA. Amplifications were performed in duplicate with a DNA thermocycler (GeneAmp PCR system 9600; Perkin-Elmer, Ueberlingen, Germany; GeneAmp PCR system 2400; Perkin-Elmer, Langen, Germany). PCR products were loaded on 8% polyacrylamide gels, electrophoresed, stained with ethidium bromide, and visualized by photography under UV transillumination.
RAPD-PCR and sequencing of the glmM PCR product. Colonies from samples from patients 1, 4, and 8 were analyzed by random amplified polymorphic DNA (RAPD)-PCR to verify strain identity despite the diversity in cag genotypes. Two patients (patients 4 and 8) were chosen as test patients on the basis of their mixed cag genotypes, while patient 1, who had colonies with identical cag genotypes, was chosen as a control (Table 2 ). More information is given in Results.
RAPD-PCR was performed with three primers (1254, 1281, and 1290) ( Table  1) , considered to be highly discriminating (1, 7, 34, 36, 39) . Reaction conditions were as follows: PCR buffer with 2 mM (for primers 1254 and 1281) or 3 mM (primer 1290) MgCl 2 (all reagents supplied by Applied Biosystems), 200 M (each) deoxynucleotide (Pharmacia), 1.5 U of Taq DNA polymerase (Applied Biosystems), 0.5 M (each) primer, and 30 ng of DNA. The reaction volume was 50 l, and the following cycle conditions were used: 4 cycles of 94°C for 5 min, 36°C for 5 min, and 72°C for 5 min and then 30 cycles of 94°C for 1 min, 36°C for 1 min, and 72°C for 2 min. Amplifications were performed with a model 9600 thermal cycler (Applied Biosystems). RAPD-PCR products were analyzed by electrophoresis on 2% agarose gels and ethidium bromide staining. DNA molecular weight marker VIII (Boehringer Mannheim, Mannheim, Germany) and Gene Ruler 100-bp DNA Ladder Plus (MBI) were used as standards.
To more rigorously determine whether or not single colonies were identical, we analyzed and compared the nucleotide sequences of an arbitrarily selected Amplification of cagA, cagE, and virB11 in single colonies. A total of 150 single colonies were isolated from the 15 biopsy specimens from the 10 patients infected with cagA-positive strains. For seven patients, PCR of all of the single colonies (10 or 20, depending on the presence of one or two gastric samples) revealed full signals for cagA, cagE, and virB11, while for three patients (patients 4, 8, and 10), the colony genotypes were mixed (Table 2) .
In detail, cagA was amplified in 131 of 150 colonies (87.3%), cagE was amplified in 116 of 150 colonies (77.3%), and virB11 was amplified in 135 of 150 colonies (90%). Most of the colonies (75.3%) were PCR positive for all three genes studied, 14.7% failed to show amplification in the right half of the cag island (absence of cagA and/or cagE), and 10% showed absent PCR signals both in the right half and in the left half (absence of cagA and/or cagE and virB11, respectively). Interestingly, a lack of virB11 amplification was always associated with an absent signal for at least one of the genes in the right half of the cag island.
On the basis of the genetic composition of the cag island, the H. pylori strains analyzed in our study were divided into seven groups (Table 3) . In particular, all colonies from patients 1, 2, 3, 5, 6, 7, and 9 were genotype I; colonies from patient 4 were genotype II from the antrum and genotypes II, IV, and V from the corpus. The colonies from patient 8 were the most heterogeneous, being genotypes I, II, III, IV, VI, and VII. Most of the colonies from patient 10 were genotype III, while two were genotype I.
RAPD-PCR and sequencing of the glmM PCR product. RAPD fingerprints were compared on the basis of criteria adopted by other authors (12, 32, 36) . We considered fingerprints that were different in only one band to be highly similar; variations in band intensity were not taken into account.
On the basis of these criteria, the RAPD patterns were found to be highly similar in all of the colonies from each patient studied (patients 1, 4, and 8). Figure 1 shows the RAPD pattern of the 10 colonies isolated from patient 8. In this patient, strain identity was confirmed by sequencing and comparing the nucleotide sequences of the glmM PCR products, which were identical in all 10 single colonies.
Anti-H. pylori and anti-CagA antibodies and their association with cag genotypes. Of the 10 patients infected with cagApositive strains, 5 (patients 2, 5, 7, 8, and 9) were positive for both anti-H. pylori IgG and IgA, 3 (patients 1, 4, and 6) were positive for IgG but negative for IgA, and 1 (patient 3) was negative for IgG but positive for IgA (Table 2) .
ELISA and Western blot analyses for the detection of antiCagA IgG gave a negative result for patient 8 and positive results for the remaining nine patients ( Table 2 ). The six patients infected with cagA-negative strains were positive for IgG 
DISCUSSION
In the present study, we investigated the heterogeneity of the cag island in sweeps and individual colonies isolated from H. pylori-infected patients. Our purpose was to assess the proportions of different H. pylori cag genotypes in bacterial populations obtained from individual human gastric biopsy specimens.
Three representative genes (cagA, cagE, and virB11) located in different segments of the cag island were studied. As expected, for patients harboring cagA-negative strains, the other two genes also were lacking in sweep isolates, suggesting the complete absence of the cag island. For patients infected with cagA-positive H. pylori strains (i.e., results of cagA PCR were positive for sweeps of colonies from all gastric biopsy specimens), at least one of these genes was lacking in 30% of cases. Of the 150 single colonies isolated from these patients, most (75%) were PCR positive for all three genes, whereas 25% showed deletions either in the right half of the cag island (cagA and/or cagE) or in both the right half and the left half but never in the left half alone (virB11).
Although the coexistence of cagA-positive and cagA-negative H. pylori strains has been described for a single patient and even for a single biopsy specimen (15, 39) , our analysis showed that the proportions of cagA-negative colonies may be quite variable in gastric biopsy specimens obtained from different subjects and that cagA negativity is almost always associated with cagE and/or virB11 negativity. Collectively, these data suggest that future studies aimed at finding correlations between H. pylori cag genotypes and different clinical outcomes need to take into account the fact that each biopsy specimen encompasses a complex mixture of H. pylori subtypes.
The serological response to the CagA protein has been used to identify subjects carrying cagA-positive strains and to investigate the relationship between such strains and disease risk (9, 11, 14, 31, 40) . In our study, all patients carrying only cagApositive, cagE-positive, and virB11-positive H. pylori colonies also had detectable antibodies against the CagA protein; however, of the three patients (patients 4, 8, and 10) carrying mixed colonies, one was anti-CagA antibody negative (patient 8). As expected, all patients infected with cagA-negative strains showed no serological response to the CagA protein.
These data suggest that in some patients, low proportions of cagA-positive colonies may produce amounts of CagA protein that are insufficient to trigger a detectable antibody response. The simultaneous deletion of cagE, a gene that is involved in the secretion of interleukin 8, may also result in the inability of the immune system to produce antibodies against CagA (4, 8) . In contrast, the presence of a detectable anti-CagA antibody response in other patients carrying low proportions of cagApositive and/or cagE-positive colonies suggests that additional factors, such as specific host genetic traits, play a significant role in controlling the immune response against CagA, as has been seen with other microbial proteins (13, 27) . Collectively, our data show that patients negative for anti-CagA antibodies may harbor, although rarely, cagA-positive strains, suggesting that an epidemiological analysis based on antibody detection may not be accurate.
In order to understand whether the mixed cag genotypes that we observed for some of our patients were the result of multistrain H. pylori infections instead of the expression of true genomic modifications within the same strain (e.g., deletions, mutations, and recombinations), which are commonly described for this species (2, 16, 18, 36) , we performed RAPD-PCR analysis of single colonies.
This technique showed that each patient carrying mixed colonies was infected with a single H. pylori strain. The data also indicated that small deletions, such as the ones that we observed, do not usually affect DNA fragment migration; the result is similar RAPD patterns (1). Identity among strains was confirmed by sequencing of the internal 294-bp fragment of the glmM gene, which has been shown to be a highly polymorphic region in all H. pylori strains (19) . The association between the presence of single genes of the cag island and both serological expression and clinical expression of infection with cagA-positive H. pylori strains has been studied (34, 30) . Our data suggest that humans harbor variable proportions of bacterial subtypes within a single infecting H. pylori strain and that the qualitative detection of a single gene as a marker for virulence probably does not completely reflect the in vivo situation. Therefore, a detailed genetic analysis may be required to fully elucidate the pathogenic role of cagA-positive H. pylori strains. In addition, an analysis of the cag island in a given patient at different times may clarify whether any observed changes in cag genotypes within an H. pylori strain during chronic infection are associated with specific histopathological modifications and different trends in disease progression.
In conclusion, our PCR-based study shows that highly heterogeneous cag genotypes can be detected in cagA-positive H. pylori strains isolated from single gastric biopsy specimens. The extension of such an analysis to patients with well-characterized gastric diseases may provide significant information on the relationship between cag genotypes and clinical outcomes of H. pylori infections.
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